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DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILIT IES

THIS DISCLAIMER IS ISSUED BY HYDROQUAL, INC. (“HYDROQUAL") IN REGARD TO THE
COMPUTER SOFTWARE PROGRAM THE BIOTIC LIGAND MODEL WINDOWS INTERFACE,
VERSION 2.2.3, REFERRED TO AS “BLM”, AND INCLUDING ANY ACCOMPANYING SOFTWARE,
DATA, MEDIA, AND ON-LINE OR PRINTED DOCUMENTATION.

THE BLM IS BEING MADE AVAILABLE WITHOUT CHARGE OR, EXCEPT AS STATED IN THE
NEXT SENTENCE, RESTRICTION. NO RECIPIENT OF THE BLM (OR PART OF THE BLM) SHALL:
(I) COPYRIGHT OR PATENT IT IN ANY FORM; (II) MAKE A MONETARY CHARGE FOR IT TO
THOSE TO WHICH THE RECIPIENT MAY DISTRIBUTE IT; (lll) LIMIT IN ANY WAY A
REDISTRIBUTEE'S USE; (IV) VIOLATE OR PARTICIPATE IN THE VIOLATION OF THE LAWS OR
REGULATIONS OF THE UNITED STATES OR OTHER GOVERNMENTS, FOREIGN OR DOMESTIC,
IN REGARD TO ITS USE OR DISTRIBUTION; (V) MODIFY, REVERSE ENGINEER, DECOMPILE,
OR DISASSEMBLE THE EXECUTABLE PORTIONS OF THE BLM.

TO THE EXTENT NOT CONTRARY TO LAW, HYDROQUAL SHALL NOT BE LIABLE TO
RECIPIENTS, INCLUDING REDISTRIBUTEES, OF THE BLM FOR: LOSS OF, REDUCTION IN OR
INTERRUPTION OF BUSINESS; LOSS OF, OR FAILURE TO ACHIEVE, REVENUE OR PROFIT,;
INCREASED COSTS OF OPERATION; LOSS OF MATERIALS OR INFORMATION; COMPUTER
FAILURE OR MALFUNCTION; OR SPECIAL, DIRECT, INDIRECT, INCIDENTAL, PUNITIVE OR
CONSEQUENTIAL DAMAGES WHETHER RESULTING FROM NEGLIGENCE, WILLFUL
MISCONDUCT OR OTHER CAUSE.

HYDROQUAL DOES NOT REPRESENT OR WARRANT THAT THE BLM IS FREE FROM DEFECT
OR DEFICIENCY. RECIPIENTS, INCLUDING REDISTRIBUTEES, SHALL BE SOLELY
RESPONSIBLE FOR CORRECTION OF DEFECTS OR DEFICIENCIES, IF ANY. THERE ARE NO
WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, WITHOUT LIMITATION, WARRANTIES OF
MERCHANTABILITY OR SUITABILITY FOR A PURPOSE.

IN NO EVENT WILL HYDROQUAL BE LIABLE FOR INJURY TO PERSONS OR DAMAGE TO, OR
LOSS OF, PROPERTY OR FOR INFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS,
WHETHER OR NOT RESULTING, OR CLAIMED TO RESULT, FROM NEGLIGENCE OR OTHER
CIRCUMSTANCE IN CONNECTION WITH THE BLM.

THE DEVELOPMENT OF THE BLM IS AN ONGOING RESEARCH PROJECT AND HENCE THE BLM
MAY UNDERGO REVISIONS FROM TIME TO TIME. HOWEVER, UNDER NO CIRCUMSTANCES
WILL HYDROQUAL BE DEEMED RESPONSIBLE FOR INFORMING THE RECIPIENTS, INCLUDING
THE REDISTRIBUTEES, OF SUCH REVISIONS TO THE BLM.

RECIPIENTS SHALL INDEMNIFY AND DEFEND HYDROQUAL AGAINST CLAIMS, LIABILITIES,

ACTIONS, COSTS AND EXPENSES WHICH MAY RESULT FROM VIOLATION OF THE
PROVISIONS OF THIS DISCLAIMER.

OBTAINING THE BLM

The BLM can be downloaded from http://www.hydrogual.com/blm

Additional information including support details can also be found online or in the User's Guide.
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INTRODUCTION TO THE BLM

1.1 Introduction

Metal bioavailability and toxicity have long beertognized to be a function of water chemistry
(Sunda and Guillard, 1976; Sunda and Hansen, 1868example, formation of inorganic and
organic metal complexes and sorption on partictéasas can reduce metal toxicity. As a result,
metal toxicity can be highly variable and dependenambient water chemistry when expressed
as total or dissolved metal concentration. In @stirthe effects of water chemistry on metal
toxicity can often be reduced or eliminated whenahxicity is related to free metal ion
concentrations (Sunda and Guillard, 1976). Alled Hiansen (1996) have shown the
relationship between metal speciation and toxiaitg have used this relationship to predict the
range of effects that site-specific water qualltmmacteristics can have on copper toxicity.

1.2 BLM Framework and Conceptual Model

The Biotic Ligand Model (BLM) was developed to impgorate metal speciation and the
protective effects of competing cations into prédits of metal bioavailability and toxicity (Di
Toro et al., 2001). The BLM is based on a concdptael similar to the gill site interaction
model proposed by Pagenkopf (1983). The BLM incrafes a version of Chemical Equilibria
in Soils and Solutions (CHESS) (Santore and Dris@895) that has recently been modified to
include the chemical and electrostatic interactidescribed in the Windermere Humic Aqueous
Model (WHAM) (Tipping, 1994). Metal toxicity is siolated as the accumulation of metal at a
biologically sensitive receptor, the "biotic ligdnavhich represents the site of action of acute
metal toxicity. Inorganic and organic ligands césoaind metal; however, thereby reducing
accumulation at the biotic ligand. By incorporatthg biotic ligand into a chemical equilibrium
framework that includes aqueous metal complexattmnrelation between free metal ion
concentrations and toxicity is an inherent featifrthe model.

The BLM framework also incorporates the competigffects of other cations that interact with
the biotic ligand to mitigate toxicity. For exampéd a fixed free metal concentration, as

hardness increases, the increase%l%ampetes with the free metal for binding sitethat
biotic ligand. A higher free metal concentratiortisrefore required to achieve the same toxic

effect in the presence of elevated?Caoncentration. The BLM uses this competitive
mechanism to simulate the reduction in metal tdxidue to elevated hardness concentrations.
Thus, the BLM can effectively account for reductinnmetal toxicity due to elevated levels of
hardness cations (Meyer et al., 1999).



The BLM has been developed using published infammain metal toxicity and biotic ligand
accumulation as a function of water chemistry. frtest comprehensive data compiled to date
for use with the BLM is for copper toxicity to fagad minnowsFKimephales promelasThe

"biotic ligand" or site of acute copper toxicityrflathead minnow has been identified as Na ion
uptake channels in the gill membrane (Playle etl893a). Copper accumulation on the gill has
been associated with respiratory distress and dsedeblood plasma Na concentrations due to
interference with these sites (Playle et al., 199§ adsorption of copper on gill surfaces in the
BLM has been calibrated to measurements of copymemaulation on the gill over a wide range
of water quality conditions (Playle et al., 19921a993b). Additionally, MacRae (1994)
established a dose response relationship necdssagyermine the biotic ligand LC50 in

rainbow trout. In the BLM, metal toxicity is defides the amount of metal necessary to result in
accumulation at the biotic ligand equal to theibibgand LC50. While others have developed
models capable of predicting metal bioaccumulatinrthe gill in short term exposures (Playle et
al., 1993a, 1993b), the BLM is the first that irdéis a scheme for predicting toxicity. The BLM
for other metals and organisms is based on a siapjproach.

1.3 BLM Applications

In summary, the BLM can be used to calculate thlertbal speciation of a dissolved metal
including complexation with inorganic and organgahds, and the biotic ligand. The biotic
ligand represents a discrete receptor or sitetofrmaon an organism where accumulation of
metal leads to acute toxicity. The BLM can therefbe used to predict the amount of metal
accumulation at this site for a variety of chemmahditions and metal concentrations i.e., the
inorganic, organic, and biotic speciation of metalaquatic settings.

According to the conceptual framework of the BLM¢amulation of metal at the biotic ligand
at or above a critical threshold concentration $etadacute toxicity. This critical accumulation
on the biotic ligand is also termed the LAS0, tretHal Accumulation of metal on the biotic
ligand that results in 50% mortality in a toxicolcg) exposure. The LA50 is expressed in units
of nmol/g wet weight of the biotic ligand. SinceetBLM includes inorganic and organic metal
speciation and competitive complexation with thatibiligand, the amount of dissolved metal
required to reach this threshold will vary, depagdon the water chemistry. Therefore, in
addition to calculating chemical speciation, theMBtan also be used to predict the
concentration of metal that would result acutediyiwithin a given aquatic system.
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OVERVIEW AND HELP FILE LAYOUT

2.1 What's New In This Distribution?

Originally, the BLM was developed as a MS-DOS bgsedjram, with the user developing the
BLM input files using an external spreadsheet progrsuch as Microsoft Excel, running the
BLM in the MS-DOS environment and then analyzing BLM output using a different set of
software tools. In order to facilitate data-entrgwever, model simulations, and the analysis of
model output in a common application environmert i@na more efficient and user-friendly
fashion, a graphical user interface was developethe BLM and first distributed as BLM,
Windows Interface Version 1.0.0. The current dmttion, Version 2.2.3, is an updated version
that offers additional options for data inputs amadel simulations. The new functionalities are
further described in the subsequent sections. i, BVindows Interface Version 2.2.3
incorporates the most current version of the BLMysfon 223.

Note that BLM datafiles created using the oldesiaer of the BLM Windows Interface can be
used directly with the new version.

2.2 Help File Layout

The remainder of this document describes the hamlamd software requirements for installing
and running the BLM Windows Interface, the datauregments of the BLM, a step-by-step
guide to using the various functionalities of tHeMBWindows Interface and a walk-through of
the application using a example BLM datafile.
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SETUP AND INSTALLATION

3.1 System Requirements

The BLM Windows Interface is designed for use o fBM compatible PC family of
microcomputers running Microsoft Windows. The meyn@quirements of the BLM Windows
Interface are modest and should not interfere wiitter resident programs. The minimum
hardware and software requirements and the recounhedesystem configurations are described
below.
Minimum System Requirements

PC Compatible, Intel Pentium 233 MHz

Microsoft Windows 95/98/2000/ME/XP

32 MB RAM

30 MB free disk space

Recommended System Configuration
Intel Pentium 3, 500 MHz
64 MB RAM
100 MB free disk space
Even though the BLM Windows Interface can be rura@ystem with the specified minimum

requirements, in the interest of computation tithe,recommended system configuration or a
faster one would be ideal.

3.2 Installing the BLM Windows Interface

Installing from a disk - To install the BLM Windows Interface from a CD-ROMsert the
installation disk into the CD-ROM drive. In case tinstallation does not start up
automatically, locate and run the program 'setug lexated in the main directory in the
installation disk by simply double-clicking on tfike name.

Installing from the compressed (.zip) file -To install the BLM Windows Interface from the
compressed file "BLMWindowslnterface Version2.2i8:simply double click on the file
to extract its contents to a temporary folder. Tamporary folder can be deleted once the



installation is completed. To start the installatitocate and run the program 'setup.exe’
located in the temporary folder by simply doubleidhg on the file name.

Note that on PCs running Microsoft Windows 2000/ME/ the user may need to be logged on
as the "Administrator” or have the relevant perioiss to modify the 'System' directory in order

to install the necessary files.

The setup program will guide the user through dyfatraightforward installation process,
guerying the user for information on where to ifistee necessary files. During the installation,
a shortcut to the BLM Windows Interface applicatioii be added to the 'Programs' sub-menu
within the 'Start' menu on the Microsoft Windowskiep. In addition, the BLM Windows
Interface application will also be registered ia #ystem registry so that the BLM datafiles
created by the user can be accessed directly bygudble-clicking on the file name.
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DATA REQUIREMENTS

The BLM predicts metal toxicity and speciation &oparticular site based on the ambient water
quality. Therefore, the user will be expected tovimte data describing the physical and chemical
properties of the site water. The data requiremeitise BLM are conventional physical and
chemical parameters that are easily measurableitaboratory. This section describes the
general physical and chemical data requirementarf@pplication of the BLM to predict metal
speciation and toxicity in aquatic systems.

4.1 Water Quality Parameters Required

The ambient water quality information requiredwo the BLM is listed below:
Temperature
pH
Dissolved Organic Carbon
Major cations (Ca, Mg, Na and K)
Major anions (S@and ClI)

Alkalinity
Sulfide

For a given metal some of these chemical inputg laavimportant effect on determining metal
speciation, while other chemical inputs have oniganeffects on BLM predictions. The user
should be aware of the relative importance of ed¢he chemical inputs to decide whether
adequate information is available for a meaningfplication of the BLM. The guidelines
described in the subsequent sections may be heétpfinat assessment.

Each water sample has to be fully described indesfiihe above water quality inputs before the
BLM can be used. If some of the parameters are krtovibe absent in the water sample;
however, a nominal, negligible concentration shdaddnput (a value on the order of 1E-10
mg/L should suffice typically) rather than a zeomcentration.

4.1.1 Temperature

Temperature measurements are typically the mostmmmand basic of all water quality
measurements and therefore available in most ladogreharacterizations of site-water



chemistry. Since the BLM is based on a thermodynarnemical equilibrium modeling
framework, temperature measurements are imporatetermining the relevant thermodynamic
reaction rates.

4.1.2 pH

Accurate pH values are important to BLM resultsrfmst metals. The chemical speciation of
many metals, such as copper, is directly affectegHh pH is; however, also important in
determining the metal complexation capacity of aigsd organic matter. It is also important in
determining the speciation of inorganic carbon,clifrelates to the formation of metal carbonate
complexes. For these reasons, pH is considereguaed chemical input to the BLM. If BLM
results are to be compared to laboratory measursmémetal toxicity, then it is preferable that
the pH is measured within the test chamber duhiegeikposure.

4.1.3 Dissolved Organic Carbon

Dissolved organic matter can play a critical roleletermining metal speciation and
bioavailability. In the BLM, the presence of disged organic matter is specified as a dissolved
organic carbon (DOC) concentration in mg/L andassidered a required input for the BLM.

For water with low DOC, it is important to make suhat analytical detection limits are
sufficiently low. In toxicity studies, the test @agsms themselves may be a significant source of
organic matter depending on the number of organamdsthe volume of the test chamber.

Humic Acid Fraction of DOC

The BLM uses a description of organic matter chemseveloped for the Windermere Humic
Aqueous Model (WHAM, Version 1.0), which charactes metal complexation with both
humic, and fulvic organic matter sources. To be ablmake use of this capability, it is
necessary to specify the distribution of humic ardic acids in the organic matter present in a
given water. Unfortunately, natural organic mat@mposition is not routinely characterized and
information on humic and fulvic acid content is tikely to be available. In the absence of
chemical characterization, a value of 10% humid aointent is recommended for most natural
waters. The variability of the dissolved organictimacontent in diverse water sources has not
found to be an especially critical parameter atileé Ibenefit is achieved by characterizing NOM
beyond DOC concentrations.

4.1.4 Metal Concentrations

The BLM can be used to predict the speciation aoddocumulation of metals when a metal
concentration is provided as an input. When theehsdused in metal speciation mode, metal
concentrations are a required input. The BLM moldelyever, is probably most useful as a
means of predicting metal toxicity (i.e., a concatibn associated with a specific toxicological
effect). When used in metal toxicity mode, theraasneed to input metal concentrations.
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4.1.5 Major Cations

The cations Ca, Mg, Na, and K are all necessamytenio the BLM. For copper and silver, Ca
and Na can directly compete with the metal at biligand sites and these cations will, therefore,
have a direct effect on predictions of metal tayidFor some organisms, Mg may play a critical
role as well. These cations, therefore, shoulddmsidered required inputs to the BLM. On the
other hand, K currently has no direct effect onahttxicity in the BLM and can be estimated if
measurements do not exist.

4.1.6 Major Anions

The anions S@and Cl are necessary inputs to the BLM (althoughrbonate is also an
important anion, it is discussed separately sub=aty). In freshwaters, SOmay be the
dominant anion and is, therefore, important foed®ining charge balance and ionic strength.
The chemistry of metals and of natural organic erast dependent to varying degrees on ionic
strength and so &{has some importance as a BLM input. If measuresngn®Q; are not
available; however, the concentrations can be astith For copper simulations, Cl is only
important as a contribution to ionic strength, tautsilver simulations Cl can have an additional
importance due to the formation of silver-chloratemplexes. Therefore, it is preferable that
only measured Cl concentrations are used for BLpliegtions involving silver, while estimates
can be used for applications involving copper.

4.1.7 Alkalinity

Inorganic carbon species in the BLM include carberi@(3), bicarbonate (HC@), and

carbonic acid (HCOg3). The sum of these species is called dissolvedyaroc carbon (DIC).
Bicarbonate is usually the most important DIC spgan natural waters since it is the dominant
species between pH 6.35 and 10.33. Inorganic casbamwritical input to the BLM since many
metals, including copper, form carbonate comple®dser, on the other hand, does not form
carbonate complexes, and so DIC is not a critigadii to BLM applications for silver.
Unfortunately, measurements of DIC are not oftedena natural water samples. It can be
estimated; however, from alkalinity and pH measwets as in the equation below.
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K2

ki Tt
DIC = Alk . 59K 2
1 -
H

where Alk. = alkalinity in equivalents/L
= 2 x 10° x alkalinity (as mg CaC@/ L)
H  =10PH

K =106:352

Ko =1010:329

The BLM Windows Interface uses this expressiondicuate the DIC internally, and so only the
alkalinity and the pH need to be specified. Alkayjirshould be measured on filtered samples to
eliminate potential contribution from suspended Og@nd specified in units of mg/L of

CaCQ. Depending on the inorganic carbon option setedtewever, the user may also opt to
specify DIC concentrations directly.

4.1.8 Sulfide

Although it has traditionally been assumed thatidelconcentrations are negligible in aerated
waters, recent evidence suggests that apprecialfigesconcentrations persist in both marine
and freshwaters. Waters affected by wastewateintiesd plant effluents in particular can have
elevated sulfide concentrations. Sulfide has angtadfinity for many metals and is therefore an
important consideration in determining metal spigmmeand bioavailability. If it is present,
therefore, measured sulfide should be consideredured input to the BLM, especially when
sulfide concentrations are similar to the predia#dct levels for a given metal and organism.

At the present time; however, researchers at skwereersities are still looking into the nature

of sulfide-metal complexes in aqueous systems.pEnsistence of sulfide in aerated waters may
be linked to the formation of stable metal-sulfadesters, and these clusters may not be detected
by traditional sulfide measurements. Alternativelypng metal complexes that are believed to
be due to sulfide compounds may be due to otherd@mf reduced sulfur that are also missed by
traditional sulfide measurements. Suitable analyticethods that measure the target form of
sulfide and which do not measure other non-redémexds of sulfur, are under development.

Also, sulfide levels in some locations may be kndwbe low and well below the effect levels

of interest for a given metal. Therefore, sulfideasurements may not be critical in all instances.
Since these research questions are still beingeaddd, metal-sulfide reactions have not yet been
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incorporated into the BLM. The sulfide column irtimput file is a reminder that these
interactions are likely to be added to a subsequension of the model. Sulfide concentrations
added in that column will not affect the BLM calatibn.
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STARTING THE APPLICATION

To start using the BLM Windows Interface, selee #pplication using 'Start ----- > Programs ---
--> Biotic Ligand Model ----- > Biotic Ligand ModeVersion 2.2.3' on the Microsoft Windows
desktop. The user will be presented with the follmascreen, which contains the user input
areas, and the various functions implemented séision of the BLM Windows Interface.

w, Biotic Ligand Model, ¥ersion 2.0.0 - Research Mode: F : ,L]Qlﬂ

Fie Edt Ve Ingts Help

. - o - Cumen Selections
|B" (= ﬂ':"r\/ i @ MewtCoppe  Orgsniom FathesdMinow  Predicion Mode: Taily
L 3L

| |

Site Label [5 armple Label [ Teme]  pH]| T DOC| He| Ca] Mg_| Na| K[ sod] T Akaewy| g
| [l T wtllmpeaAl” & moA mod] moft| moAll  mpf]  moifmo/CaC03] monl

3

Figure 5-1. Opening Screen for the BLM Windows Int  erface Application

In case the user already has a BLM datafile creaset the BLM Windows Interface, the file
can be opened directly by just double-clicking loa file name through a file-system manager,
such as Microsoft Windows Explorer.
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RUNNING THE APPLICATION

The BLM Windows Interface provides access to thé/Bh its full suite of capabilities, i.e.,
predicting metal speciation and toxicity, predigtWater Effect Ratios (WER), comparison to
laboratory measurements of toxicity, calibratioméw metals and organisms, etc. By providing an
easy to use interface and environment for devetppatasets of water chemistry information and
applying the BLM for predictions of metal speciatiand toxicity, it streamlines and makes the
process of BLM development more efficient and poithe.

The following sections describe the various funtdiand features available in the BLM Windows
Interface and the use of the BLM in its variousdicBve capabilities.

6.1 Description of Interface

Figure 6-1 shows a shapshot of the BLM Windowsrfate application. The main purpose of this
section of the interface application is to provégteeasy to use editor to develop input files comai
water chemistry information for the BLM, to facdie checks and validate the user inputs for the
various parameters, to perform checks on whetteevdlues entered for any given parameter is within
the range for which the BLM has been calibrated, tarrun the BLM for predictions of aquatic
speciation or toxicity for a variety of metals amgjanisms.

Current Selection
Display

[ Menu Bar ‘ ‘ Shortcuts Menu l

w, Biotic Ligand Model, Yersion 2.0.0 - Research Mode:
Fie Edk Vo Inputs Help

=101 x|

7 = Current Selections
— auh " = 3 i
=g @‘l"l_r o 4 T || Metat Copper Organiem FatheadMirnow  Frediction Mode: Tewcity

[

e Label [Samgle Labal |1u£| cul| DoC|  HA[ Ca| Mg[ Na| K[ S04] [ | 5[
| | wplmg CAIT & g ml|” mp[T | gl mp|mg/l CoC03] gl

. Datafile
Editing Cell
Shde Description

|w|w|~4|m|m h|u‘m|—‘ |

w

=

=

=

=

o}

=

=

Data Inputs

il

=2

i

g
i

ltern
Description

Figure 6-1. Snapshot of the BLM Windows Interface
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As shown in Figure 6-1, the interface window isid@d into 7 areas broadly based on their
functionality. Each of these is described in thiesgquent sections.

6.2 Data Inputs

This region of the interface window contains a apgsheet based editor, which organizes the various
BLM input parameters in a columnar format such thatchemistry for each discrete water sample can
be specified on a separate row. Apart from the metemistry information, two additional columns

are also provided for labeling the sites and timedas described in a given BLM datafile. Figure 6-2
shows the various columns typically available fseminput.

. Biotic Ligand Moedel, Yersion 2.0.0 - Research Mode: 1 ;lglﬂ
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Figure 6-2. Columns for Data Input in the BLM Wind  ows Interface

6.2.1 Site Label and Sample Descriptor

The very first column, the 'Site Label', is meantontain information about the site under
consideration. For example, it could be the nanmth@fiver or it could be the Mile Point along aeri
if the same file contains water chemistry datanfimre than one location along a particular rivere Th
information contained within the 'Sample Labelldiean be used to distinguish the various water
chemistry samples available for a particular $it&. instance, at a given site, this field couldrespnt
the date and time at which the site water sampége wollected. For both the site and the sample
descriptor fields; however, there is an upper liofi20 characters that are allowed in each field.

6.2.2 Water Chemistry Inputs

The subsequent columns contain the data inputfarg¢le water quality parameters described under
Data Requirements. For predictions of metal toyjenetal concentration is not a required input¢sin
the BLM will predict the amount of metal that resuh acute toxicity to the specified organism. For
predictions of metal speciation, the metal con@gian is a required input and if no metal
concentration is specified; however, the row wdldonsidered incomplete and no BLM predictions
will be made for that row. For all other water qtyainputs, any row with a missing input will be
flagged as incomplete and no BLM predictions wdlrhade for that row.
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6.3 Menu Bar

Located at the very top of the interface windove, thenu bar provides the user with a range of
functions and features including:

Managing the BLM datafiles

Text editing functions

Functions to select between various units for dgiats

A help function.

These features are described below in furtherldetai

6.3.1 File

Figure 6-3 shows the functions available undermnmesu item. Basic file management utilities to
create a new BLM datafile, to open an existing BdMafile and to save a BLM datafile are provided.
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| File Edit Yew Inputs Help

Y k- L -
Cpen Chrl+O T v/ P [?

Save Chel+5 I
Save Az Chrl+A

Current Selections
(Metal: Copper Organigr:

Sample Label Tel

Quit  Chrl+0

1
2
3

Figure 6-3. Snapshot of File Menu Item

Shortcut keys (shown to the right of each item)adse implemented for all the different functions i
this menu item.

For ease of access, BLM datafiles can also be apéinectly by double-clicking on the BLM datafile
in a file system manager, such as Microsoft Wind&wspglorer. This avoids having to first start the
application and then navigate through the file menlocate the BLM datafile of interest.

Note that the BLM datafiles created by the intezfapplication are given a .BLM' extension by
default. Even though the BLM datafile created by ititerface application basically is an ASCII text
file, it is recommended that the user not modifg file using a program other than the BLM Windows
Interface application. Doing so may result in tHevBdatafile getting corrupted and if this happens,
the next time the user tries to edit that BLM digaising the BLM Windows Interface, the file may
not be read correctly by the BLM interface applimat
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6.3.2 Edit

Figure 6-4 shows the editing functions availabléne BLM Windows Interface. Basic editing
functions such as 'Cut’, '‘Copy’, 'Paste’ and 'Bedet well as a couple of different output fileniait
options are implemented in the interface applicatio
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Figure 6-4. Snapshot of Edit Menu Item

The editing functions can be performed on a siegleor multiple cells selected by highlighting the
cells with a mouse click and drag operation or bipg the Shift and Arrow functions on the keyboard.
These editing functions can also be accessed by tis¢ shortcut keys shown to the right of eaah ite
or by clicking the right mouse over the selectethd®lls and then selecting the editing operatiomf
the editing menu that is displayed. Note that &@l# possible to copy and paste data from external
programs, such as a spreadsheet application iatBltM Windows Interface.

Previous versions of the BLM and the BLM Windowtehfiace provided model output (i.e. the
predictions of speciation or toxicity) in only ASGbrmat. However, BLM Windows Interface
Version 2.2.3 allows the flexibility to select betean ASCII or Microsoft Excel formats for the BLM
output files simply by selecting the format undsit ----- > Options ----- > Qutput Format'.

6.3.3 View

This feature is not implemented in the currentriigtion of the BLM Windows Interface and may be
available only in subsequent versions.

6.3.4 Inputs

Measurements of the water quality parameters reddor using the BLM are often reported with
varying units. In order to provide the user withigher degree of flexibility in developing BLM inpu
files, the BLM interface allows data-inputs in setalifferent units by means of this menu item, as
shown in Figure 6-5.
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im. Biotic Ligand Model, ¥ersion 2.0.0 - Research Mode:

File Edit Wiew | Inputs Help

Set Units

|
= n ﬁ Inorganic Carbon

Current Selections——
’VMetaI: Copper Organism:

Site Label

Sample Label

Tel

Figure 6-5. Snapshot of Inputs Menu Item

Units

The first option 'Set Units' allows the user taeséthe units for the various BLM input parametess,
shown in Figure 6-6. For each parameter, the cusglected units are highlighted by default and the
user can select the desired units from the lisfptions shown. When changing units for a given
parameter, data already input for that parameteonserted to the new units to prevent any loss of

data.

i, Biotic Ligand Model, ¥ersion 2 =10 x|
—Select Units
Select Component; Select Units:
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rnoldL
Mg
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k.
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Alk.alirty
5
Ok Cancel Help

Figure 6-6. View of Typical 'Set Units' Screen



Inorganic Carbon

The second option ‘Inorganic carbon' gives the tiseoption to select between various options for
specifying the inorganic carbon in the system. Astioned previously, the BLM simulates the
formation of metal-carbonate complexes and theeafwsrganic carbon is a required input for BLM
simulations. Inorganic carbon in the system casgeeified in one of two ways - alkalinity or
dissolved inorganic carbon. Accordingly, the usar select between these two options by means of
the 'Inorganic carbon' feature, as shown in Figure

. Biotic Ligand Model, Yersio =10 x|

— Select DIC input option

Inorganic carbon 1z assumed to be controlled az a:

" cloged system, input DIC
= cloged system, input alkalinity

= open system, input pCO2

Ok Cancel

Figure 6-7. View of Inorganic Carbon Input Options Screen

6.3.5 Help

Figure 6-8 shows the various features availableeutite Help menu item.
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Figure 6-8. Snapshot of Help Menu ltem



The help file for the BLM Windows Interface candexessed via this menu item and can be browsed
by its contents, by a keyword index or by searchang particular word or phrase. In addition, unde
the 'Support' sub-item, there is also informatianrmdhom to contact for technical support and sending
bug reports, etc. A short description of the BLNh ¢ found under the sub-item 'About BLM."

6.4 Shortcuts Menu

This group of icons contains shortcuts to somdefrhenu bar items and some additional functions
that are not available on the menu bar. FiguresBe8vs the various icons and their functions.

Figure 6-9. Shortcut Menu Icons

6.4.1 Open File

This is a shortcut to the menu bar item under *Fi#e> Open' and is provided for a quick mode of
access to the BLM datafiles. In case the BLM dkgdfeing edited by the user has changed since the
last time it was saved, the user will be querigdafconfirmation on whether to proceed to open
another datafile with or without saving the currdatafile.

6.4.2 Save File

This is a shortcut to the menu bar item under File> Save' and is provided for a quick mode of
saving the BLM datafiles. The datafile will be sdwender the same name as it was last saved as. In
case the user wishes to save the file under aeliff¢ile name, the menu bar item 'File ----- > SAg
should be chosen.

6.4.3 Metal/Organism Selection
As mentioned previously, the BLM can be used tdthe toxicity and speciation for a variety of

metals and organisms. This action button is pralideallow the user to select the metal and the
organism for which toxicity or speciation has togvedicted. Clicking on this icon will present the
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user with the window shown in Figure 6-10 and tkerican choose the desired metal and organism for
the BLM predictions. The current metal and organsaiections are displayed in the Current Selection
Display area.

Figure 6-10. Metal and Organism Selection Options

Metal and Organism Options Available

The metal and organism specific parameter filesahadistributed along with the current distributi

of the BLM Windows Interface, Version 2.2.3 areigaded by the options that are not grayed out in
Figure 6-10, i.e., the combinations available far tiser to choose from. Note that these metal and
organism specific parameter files are part of agoorg task of refining the calibration and applicat

of the BLM and may therefore undergo revisions fitome to time as the case may be. The metal and
organism selections made by the user are also savled BLM datafile and the next time the user
opens the BLM datafile, the application will defiata the selections made by the user at the tire th
file was saved.

It is advisable to develop separate BLM datafitasskeparate metals even though the applicatioheof t
BLM may be for the same set of observations. Thieeot distribution of the BLM can be applied to
only one metal at a time. Since the input metateairations are specified in unitsraj/L, the

interface application internally converts thesemds of moles/L using the molecular weight for the
metal selected by the user. Changing the metah&®BLM application within an existing datafile
developed for a different metal, may result in emmeous conversion from units /L to moles/L
when the user saves and opens the datafile theimext
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User Defined

Normally, when run in the toxicity prediction mofi® a given organism and metal, the BLM interface
application will derive the LA50 for the user sdbst organism from the parameter file specific tat th
particular metal and organism. The BLM will theregict the LC50 of the selected metal to the
selected organism for all the observations witbmmglete set of BLM input parameters. In order to
provide additional flexibility in operation; howewneghe BLM can be run for a given metal with
different LA50s for different rows of input. That,ithe BLM will predict LC50s corresponding to
different LA50s for each row. This is accomplisti®dselecting the 'User Defined' option shown in
Figure 6-10 and selecting 'Ok." This will add atr&xolumn to the spreadsheet editor in the
application window in the very last column positibm the extreme right. The user is expected to
populate this column for each row of input, witle thesired LA50. Note that leaving this column blank
for any line of input can result in the BLM tredithat line of input as a incomplete input and will
result in failure to predict toxicity.

User Selected

In addition to the metal and organism specific pater files that are distributed along with therent
distribution, the user may also opt to develop asel their own versions of these files for BLM
predictions. This is achieved by selecting the H&adected' option shown in Figure 11 and selecting
'Ok’. The user will then be queried for the locatad the desired parameter file. New parametes file
can be developed by the user along the lines gbain@meter files supplied with this distributioie$
with the extension ".DAT" located in the 'Modelbatirectory within the BLM home directory). Note
that the user will be asked to indicate the appab@iparameter file when opening up a BLM inpu fil
that was previously developed for a user selecéedrpeter file.

Cu WQC Calculation

The US EPA's proposed BLM based Water Quality GateNVQC) for copper (USEPA, 2003) has
been implemented in Version 2.2.3 of the BLM Windadwterface and can be accessed by selecting
this option. When run in this mode, the BLM predittie site-specific WQC for each row of input and
displays a criteria report as shown in Figure h2addition to the BLM predicted Final Acute Value
(FAV) and the Instantaneous WQC (calculated a$-#%i¢ divided by 2), if dissolved copper inputs

are present in the BLM datafile, it is tabulatedtioa criteria report screen and used to calcutadie t
units (TU). TUs are computed as the ratio of thepes in the water to the instantaneous WQC for that
water sample, with TU values greater than 1 indigad violation of the instantaneous copper WQC.

For additional information on the terminology ahé £xact mechanistics of the WQC calculation, the
user is advised to refer to USEPA, 2003. The cateport shown in Figure 12 can also be copied for
pasting onto any external applications simply ghhlighting the cells of interest and either using
shortcut keys Control-C or by a mouse right-cliokdwed by selecting Copy from the resulting
option(s).



Figure 6-11. Instantaneous Copper Criteria Report

6.4.4 Prediction Mode

The BLM interface application allows the user ta the BLM either in toxicity mode or in the
speciation mode. When run in the toxicity mode,thar metal and organism specified by the user, the
BLM will predict the amount of metal required tousa acute mortality in the water specified by the
user. When the BLM is run in the speciation modwyédwver, for the metal concentration specified by
the user, the BLM will predict the organic and therganic speciation in the water column.

The 'Prediction Mode' button allows the user tgtedpetween the speciation and toxicity prediction
modes in the BLM. The current prediction mode soalisplayed in the Current Selection Display
area. By default, the BLM interface applicationuamss that the BLM prediction mode is the toxicity
mode unless the user specifies otherwise. Theryprediction mode is also saved in the BLM
datafile and the next time the user opens up thié Batafile, the application will default to the
prediction mode at the time the file was saved.

6.4.5 Check Inputs

After creating a BLM datafile, the user may wislcteeck the water chemistry inputs to verify if the
parameter values are within the overall range foictvthe BLM has been calibrated and to check to
see if all the parameters necessary for a BLM ptiehi have been specified. Clicking on this icon
serves to generate an input check report whichaamminformation on what parameters are out of
range (too high or too low when compared to ramgevhich the BLM has been calibrated) and what
parameters are missing for any given row of inpbe range of parameter values for which the BLM
has been calibrated is described in Input CheclgRarigure 6-11 shows an example of such an input
check report.
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Figure 6-12. An Example of an Input Check Report G enerated by the Check Inputs Function

Note that a similar check is also done every tihgeuser edits the contents of any cell in the water
chemistry input section. In this case; howeverngut check report is not generated. Instead, the o
of range parameter value is highlighted in red@sosed to the normal text color of black.

6.4.6 Run BLM

This icon is used to launch the BLM program to preeither metal toxicity or speciation for the use
specified selections for the site water chemiseyadibed in the BLM datafile currently open in the
BLM Windows Interface. In case the BLM datafile Heesen edited since its last save, the user is
gueried for confirmation on whether to save the @it not and the BLM predictions proceed
subsequently.

6.4.7 Help

This feature provides a point-and-click help fuantlity for several features of the interface
application. To use this feature, simply click aisticon and point and click on the icon or area fo
which the user is interested in finding help/adudtitil information.

6.5 Current Selection Display

This area of the interface window displays the enrmetal, organism and prediction mode selections
made by the user. For the example shown in Figiréh@ user has opted to predict the toxicity of
copper to fathead minnows by using the 'ShortcugauMbuttons Prediction Mode and
Metal/Organism Selection. The options selectechyuser are saved in the BLM datafile and the next
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time the user opens the BLM datafile, the applaratiefaults to the selections made by the uséreat t
time of the previous file save.

6.6 Editing Cell

This area shows the value of the parameter indheiat cell as it is being edited.

6.7 Datafile Description

This area is provided for the user to insert comdascribing the BLM datafile which will then be
saved along with the water chemistry parametenstibp the user. Though it is not of critical
importance to the use of the BLM, for record kegpand possibly QA/QC purposes, it is a desirable
input.

6.8 Item Description

Located at the very bottom of the interface windtvs area is designed to show a brief descriptfon
the icon/image/area the mouse cursor is curremigjtioned over. For the case shown in Figure 6-1,
the mouse cursor is positioned over the 'Data Bipuea. Similar messages are displayed when the
mouse cursor is moved over other areas of thefauemwindow.

6.9 Description of Output Files

When run in the metal speciation or metal toxiaitgde, the BLM creates two output files within the
directory containing the BLM input file. The namasthe output files are based on the name of the
input file. For example, using the input file ' TESLM' would create two output files,
TEST.SIM.TXT' or 'TEST.SIM. XLS' (the simple veosi of the model output), and TEST.DET.TXT'
or ' TEST.DET. XLS' (the detailed version). The tekMS Excel versions of the output files will
depend on the output file format selected undeogit®ns menu (see Section 4.2.3).

The detailed version of the model output contalhtha chemical species in the simulation. Sings th
file can grow quite large, the more useful inforioatis summarized in the simple version of output.
The simple version of the model output containstiost relevant information for most users. Included
are the site and sample labels, the mode of operéte., did the BLM use an input dissolved metal
concentration to predict metal speciation or wagsedicting the LC50?), the pH, the total dissolved
metal in mol/L (this is the input metal concentatin the speciation mode and the predicted LC50 in
the toxicity prediction mode), the free metal camtcation in mol/L, the activity corrected free meta
concentration in mol/L, concentration of metal boawa DOC in mol/L, concentration of metal and
metal hydroxide bound to DOC in mol/L, the concatitm of metal on the biotic ligand in nmalgy

of the gill, the DOC in mg/L, the percent humicdaand the rest of the input water chemistry insunit
of mol/L.

6-12



v

INPUT CHECK RANGE

In order to provide users with an idea of the raoigeater chemistry to which the BLM can be
applied, the range of parameter values to whictBihd has been developed and calibrated is defined
in the BLM interface application. The users canothi® verify if the user input water chemistry
parameter values are within this range to whichrBh®! has been calibrated. This is done by using the
'‘Check Inputs' function. The ranges prescribecfmh of the BLM input parameters are shown below.
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EXAMPLE APPLICATION

The BLM Windows Interface installation also contaan example application for demonstration
purposes. This file is named 'Kansas River.BLM' mndstalled along with the BLM interface
application and is located in the 'Data’ directorghin the BLM home directory on the user's
hard-disk. The file can be opened directly, by dewdhcking on the file name through a file-
system manager such as Microsoft Windows Explarérydirst starting the BLM Windows
Interface application and selecting the file thriodige 'File ----- > Open' action. This example
datafile contains the water quality observationdf8GS Station 6892350 on the Kansas River
at Desoto, KS. Although in this case, only obseovest with a complete characterization of all
the BLM input parameters are included in the BLMafite, it is recommended that all the
available water quality measurements (includingahes without a complete characterization of
the BLM input parameters) be included in the BLMadi¢e.

This datafile 'Kansas River.BLM' can be used talmtemetal speciation using the input metal
concentrations or to predict the LC50 to a varadtynetals and organisms. However, it is
recommended that separate BLM datafiles be maieddior each metal. In this case, the datafile
contains dissolved copper concentrations and tHd Ban be used to predict the inorganic,
organic and biotic speciation by setting the BLMgiction mode to 'Speciation’ using the
Shortcut Menu button Prediction Mode. Metal toxidir the specified site water chemistry can
also be predicted by setting the prediction mod&aaicity' and selecting the metal and
organism for which toxicity has to be predictedngsihe Shortcut Menu button Metal/Organism
Selection.

Once the user has defined the scope of the BLMigireds, the BLM can be run using the
Shortcut menu button Run BLM. Depending on the nema lines of inputs in the BLM
datafile, the runtime for the BLM predictions caary from a few seconds to minutes. Upon
completion of the BLM run, the user is informedtioé names and the locations of the output
files as shown in Figure 8-1.

Figure 8-1. Example of notification window showna  t completion of BLM run



The formats of the output files have been described in a previous section (see Description of Output
Files).
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UNINSTALLING THE BLM

To uninstall the BLM Windows Interface, select tirenstall utility using 'Start ----- > Programs
----- > Biotic Ligand Model -----> Uninstall' on thiglicrosoft Windows desktop. All files
installed by the BLM during setup will be uninséll However, none of the files created by the
user and saved in the BLM installation directoryl i deleted during the uninstall. These will
have to be deleted manually by the user, if soreési
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CONTACT INFORMATION

For questions or problems, including bug repogkgting to the use and the application of the
Biotic Ligand Model or the BLM Windows Interfacdgepse contact either:

Robert Santore
HydroQual, Inc.

4914 West Genesee St.
Camillus, NY 13031
Phone: (315) 484-6220

E-mail: rsantore@hydroqual.com

or:
Rooni Mathew
HydroQual, Inc.
1200 MacArthur Blvd.
Mahwah, NJ 07430
Phone: (201) 529-5151
E-mail: rmathew@hydroqual.com

Additional information including support detailsrche found online at
http://www.hydroqual.com/blm.
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